A Capsule-depolymerizing Enzyme from

Alcaligenesfaecalis Infected with Bacteriophage A6
(Accepted 2 July I969) Phage-associated enzymes which act on capsules of hosts with the production of plaques surrounded by halos have been reported for a number of capsulated Gramnegative bacteria (Bartell, Orr & Lam, I966; Chakrabarty, Niblack & Gunsalus, 1967) . Organisms in the halos are devoid of capsules but are viable and in some instances become sensitive to the action of different phages. This suggests that hidden phage receptors may have been exposed (Sutherland & Wilkinson, I965) . This communication describes the isolation and action of a capsule-depolymerizing enzyme associated with an Alcaligenesfaecalis phage host system.
Alcaligenes faecalis bacteriophage A6 produces plaques with depressed haloes on the capsulated host A.faecalis strain a 6 (Mart, de Klerk & Prozesky, I966). Haloes are not produced on an uncapsulated spontaneous variant A6T of strain A6. The haloproducing agent is a capsule-destroying enzyme. Its presence in phage lysates was demonstrated by the microscopical observation that capsules had disappeared from treated cells and the fact that such cells had a decreased packed cell volume (Adams & Park, I956) . Filtration of the lysate through a Io nm. Millipore membrane yielded enzyme free of phage. The enzyme was purified by collecting the fraction that precipitated between 30 and 4 ° ~o ammonium sulphate saturation followed by column chromatography on calcium phosphate gel (Tiselius, Hjertrn & Levin, I956) and Sephadex G-Ioo. Phage purified by differential centrifugation also contained enzyme activity which could not be removed by exposure to 6M-NaCI or 4M-urea followed by repeated cycles of differential centrifugation. The substrate of both free and phagebound enzyme was shown to be the polysaccharide and not the lipopolysaccharide moiety of the capsule when the latter was fractionated according to Jann et al. (I965) . Enzyme activity was determined by measuring the increase of reducing groups (Miller et al. I96O ) or N-acetyl-c~-D-glucosamine (Reissig, Strominger & Leloir, I955) when incubated at 37 ° for 30 rain. with polysaccharide substrate dissolved in o.I Mammonium acetate buffer (optimum pH 6. I). Overnight enzyme treatment of substrate yielded two oligosaccharides with Rg~o values of 0"67 and 0"83 when chromatographed on thin layers of cellulose with n-propanol + ethyl acetate + water (5" I : 4, by vol.) as solvent and visualized with urea-phosphoric acid (Wise et aL I955) . The carbohydrate composition of these oligosaccharides after acid hydrolysis was respectively glucose, glucosamine, glucoronic acid and glucose, galactose, glucosamine. Destruction of the antibody-binding property of polysaccharide by enzyme was demonstrated by agar-gel precipitin tests (Crowle, I96I) using antisera prepared in rabbits against the polysaccharide. Phage and enzyme were specific in that both failed to act on 85 other capsulated A. faecalis and 2 Klebsiella pneumoniae strains. Enzyme is not produced by uninfected cells and this implies that the phage must act as an inducer of a bacterial enzyme or that it specifies the enzyme. The failure to isolate wild phage from sewage or an enzyme-deficient mutant which does not produce haloes but plates on strain a 6 and/or Short communications A6T may be due to lack of a method of selection. However, this finding and the inability to remove bound enzyme from the phage particles may mean that infection of A 6 bacteria requires that the phage should be able to penetrate the capsule by means of a depolymerizing enzyme. Phage adsorption was enhanced by the presence of the capsule. While 9o % of the phage, added at a multiplicity of Io, was adsorbed in 2 hr by A 6 cells, uncapsulated A 6 T cells or A 6 treated with enzyme (I o 9 organisms + o'53/zg. enzyme protein/ml.) adsorbed only 2o %, as measured by assaying residual p.f.u, after adding chloroform to kill infected bacteria. The phage had the same e.o.p, on strains A 6 and A 6 T. The e.o~p, was also unaltered by incubating the phage in 5 % polysaccharide at 37 ° for ro rain. before addition of the plating mixture. The phage was thus not irreversibly adsorbed to the polysaccharide. Capsule and cell wall may both have phage receptors; a more likely explanation is that the phage receptors are confined to the cell wall. The phage may become entrapped in the mucoid layer or, owing to its bound enzyme, adsorbed to the polysaccharide substrate on the cell wall. Once the polysaccharide is digested by the enzyme, phage penetration is facilitated and the phage then adsorbs to the underlying cell wall receptors. In nature the free enzyme may be diluted out and only phage-bound enzyme may be available to assist penetration through the capsule. The free enzyme may play a role in the release of mature phage by disrupting the capsule.
